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The lac operator-repressor interaction has served as a prototype in the investigation of the protein-nucleic acid recognition system(for reviews see references I and 2). The discovery of altered repressor molecules with increased affinity for DNA (3) (4) (5) (6) (7) (8) (9) (10) (11) has been of great help in these studies.The tight-binding 112-X86 lac repressor results from two mutations,the X86 mutation (replacement of the amino acid serine 61 by a leucine ) and the 112 mutation ( replacement of proline 3 by a tyrosine).The repressor synthesized in a strain carrying the double mutation shows an increase in its operator affinity of about four orders of magnitude, as compared to the wild-type (6) .
It has been shown that the binding of this repressor to non operator DNA is also several orders of magnitude larger than that of the wild-type, and furthermore that this binding is IPTG dependent (6) .
Using the classical nitrocellulose filter binding assay, we have compared the salt dependence of the wild-type lac repressor to that of the double mutant. This salt dependence allows the determination of the number of ions released upon complex formation (12) . It has been previously shown that formation of the non specific complex between wild-type repressor and DNA involves the release of the thermodynamic equivalent of 11+2 monovalent ions (13, 14) , while in the specific complex with the wild-type operator this number drops to 6+1.5. In this paper we have addressed the question whether the behaviour of the double mutant toward the non-specific DNA resembles that of the non-specific binding of the wild-type repressor or that of the specific one.
M6IgR1aLS AND HETHQDS
All chemicals used were reagent grade. Eco RI endonuclease was purified according to Greene et al (16) . Fnu DII restriction enzyme was from New England Nuclear.
Lac reDressors Rre2aration
The wild-type lac repressor was purified as described by Rosenberg et al (17) . The phosphocellulose column was followed by gel filtration on an Ultrogel AcA 34 (LKB) column. The I12-X86 protein was purified by the same technique except that a gradient ranging from 0.12M to 0.30M-potastsium phosphate was applied to the phosphocellulose. This was done to take into account the tighter binding of the double mutant. The purity of the wild-type lac repressor was more than 98% and that of the I12-X86 more than 95% as judged by SDS polyacrylamide gel. Concentrations Er£aration of the 21Q bR DNA frgment.
The source of DNA for the binding studies was the non operator part of the plasmid pBR 345 (18, 19) . The 1100 bp fragment generated by the EcoRI digestion was isolated as previously described (20) . It was digested by the restriction enzyme Fnu DII to give several fragments, among which one of 210 bp long isolated by electrophoresis on a 5% polyacrylamide gel.
After extraction from the gel, the DNA fragment was further purified on a small NACS PREPAC (BRL) column,then precipated with ethanol and stocked in the cold in a TE buffer (0.01M Tris,HCl,pH 7.5; 1mM EDTA ).
The 210 bp fragment was 32P labelled by nick translation with [a32P-dATP as described by Maniatis et al (21) .Reaction was carried out using 0.5 y'g of DNA. Unreacted dATP was removed by filtration through a small Sephadex G50 column. Concentration of the fragment was determined using a molecular extinction coefficient of e260=6500 L.mol .cm. 1 per base. Binding m_asuremen ts.
The experiments were performed as described by Riggs et al (22) Binding curves were generated by adding increasing concentrations of repressor to a fixed concentration of 210 bp DNA fragment (2.5 10 12M ). The reaction volume was I ml. Triplicate samples were filtered, washed with 1 ml of binding buffer having the same KC1 concentration as the sample, dried, and counted by liquid scintillation. The filtration rate was 2 ml/min. A twofold increase of the wash volume did not change the observed retention.
Binding data were fitted by using the binding polynomial procedure as developed by Clore et al (23) . The parameter e which is calculated corresponds to the fraction of molecules to which at least one protein is bound. It is defined by e = (Z-1)/Z where Z is the binding polynomial as defined by Wyman (24) . The binding polynomial was calculated taking into account the efficiency of protein-DNA retention as indicated by Woodbury and von Hippel (25) . The efficiency parameter e can be considered as the probability that a repressor molecule complexed to the DNA is held on the filter. The quantity C =(I-C) is then the probability that this complex is not retained. The probability of retaining a DNA fragment binding i repressor molecules is (1-Ci) . As pointed out by Woodbury and von Hippel (25) one must notice that while the effectiveness of individual protein molecule in retaining the DNA on the filter is constant, the overall efficiency of DNA retention (1-Ci) increase.dastically with the number of repressor bound on the DNA fragment. The best fits for our data were obtained with efficiency parameters between 0.85 and 0.95. For the non specific binding experiments described in this article we did not observe any significative dependence of the efficiency parameter on the ionic strength. The equilibrium constant is expressed in M 1 of fragment.
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The interaction between the wild-type lac repressor or the I12-X86 mutant with the 210 b.p. DNA fragment were studied by the classical nitrocellulose filter binding method and analyzed as described in Materials and Methods. for example, DNA-cellulose chromatography (15) . As previously shown, the double mutant binds the non-specific DNA more tightly than does the wild-type at the same ionic strength. The inducer IPTG strongly decreases the interaction of the I12-X86 repressor with the non specific DNA whereas it does not affect the behaviour of the unmodified protein.
To determine the extent to which the double mutation affects the electrostatic component of the interaction ,the dependence of the equilibrium constant of binding (Kobs) on the monovalent ion concentration was investigated. A plot of log(Kobs) versus log(KCl) yields the stoichiometry of release of small ions upon formation of the DNA-repressor complex. As illustrated in figure 2, linear plots were obtained for both repressors. The slope of the log-log plot is -8.3+1 for the wild type while that determined for the double mutant is -5.5+0. (13) . slopes correspond to a release of the thermodynamic equivalent of 9.5+1 and 6.2+1 ions respectively. One can notice that the number found for the wild-type repressor is in very good agreement with previously published values (13, 14, 26) .
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Before going further into the interpretation of our results it must be verified that the binding of lac repressor on the 210 bp fragment we have used is really of the non-specific type, and that there is no pseudo-operator site on this fragment. There are two strong arguments which indicate that the binding is non specific: 1) The analysis of its sequence and 2) its behaviour with the wild-type lac repressor.
When analyzed in both directions the 210 bp DNA fragment does not exhibit large homology with the wild-type operator sequence, particularly if one considers the central part of this sequence. The binding constants we found with the wild-type repressor are identical to those which have been reported by other groups using non specific DNA (13, 14) . It is therefore clear that the binding of repressors on this fragment is representative of the non specific case.
The main point which emerges from our study is that whereas the I12-X86 double mutant binds more tightly to the non-operator DNA than does the wild-type, its binding involves less ionic interactions. Therefore the supplementary interactions or forces between this mutant and the nucleic acid result from other types of interaction such as stacking, hydrogen bonding, hydrophobic forces, and/or from a better positioning of the two headpieces, which are known to make the contacts of the protein with the DNA.
The binding behaviour of the double mutant toward non specific DNA appears similar to that of the wild-type repressor toward the lac operator sequence: it is IPTG sensitive, and it involves the release of about 6 ions from the vicinity of the DNA.
Ogata and Gilbert (27) have examined the methylation pattern of the lac operator in the presence of this repressor mutant. They concluded that the near identity of the results with the wild-type and with the mutant suggests that the double mutation stabilizes the DNA binding conformation rather than provides additional repressor-DNA contacts. From this point of view one must notice that the two mutations are located in regions of the protein far outside the helix turn helix segment which is now believed to be the major recognition element of the DNA by the repressor (28) (29) (30) .
Recently, Mossing and Record (31) have investigated the behaviour of 0c mutants versus wild-type lac repressor binding.
They have found that the number of thermodynamic equivalent of monovalent ion released was 5 + 1 for the wild-type and one mutant operator (Oc666)sequence, whereas it was 10 + 1 for another mutation (0c640). From these results and other thermodynamic data they concluded that there is some adaptability of the protein to the DNA site (or, less probably, vice-versa). In this paper they proposed that some adaptation occurs in the recognition surface of the repressor between electrostatic and non electostatic interaction to achieve the most stable complex.
If such hypothesis holds, our results indicate that this adaptation is a more general phenomenon.That is, it can result from a change in the DNA (0 c mutation) and also from a change in the protein, and it may occur in non specific binding. A circular dichroism study (Grebert and Maurizot, unpublished) indicates that the conformational change of the non specific DNA induced upon binding the I12-X86 double mutant is identical to that produced by the binding of the wild-type repressor (32) (33) (34) . This strongly supports the idea that the adaptative process occurs via an adaptation in the protein and not in the DNA.
